, are based either on households or persons in households. Any attempts to break down such data into smaller spatial units such as neighbourhoods, due migration and changes in a specific sample can only be described by the stayers and the out-movers. With the exception of new members in stayer households, there is no information on households moving into a given neighbourhood. Consequently, when using classical panel data, it is not possible to analyse appropriately changes in small areas.
Introduction
Most urban researchers will agree that urban research is largely based on studies of processes, many of which were discussed by the Chicago school in the 1920s and 1930. These include the socio-spatial integration of minorities, invasion-succession cycles, neighbourhood change, and suburbanization (Park/Burgess/McKenzie 1925;  cf. the articles edited by Theodorson 1961; Theodorson 1982) , which in the 1970s and 1980s was supplemented by gentrification (e.g. Clay 1979; Laska/Spain 1980; Smith/Williams 1986; and Urban planning has, in the case of social mixes, also proposed measures such as a tenure mix to induce changes in neighbourhood composition and ameliorate the living conditions of poorer residents in deprived neighbourhoods (e.g., We thus describe the opportunity structure, or the living conditions in a given neighbourhood, over time at the level of households and individuals, and not on the basis of aggregate data. In this respect, our main interest lies in urban dynamics. In other words: in processes. The study of such processes and structures usually requires panel data, i.e., data collected from the same units of analysis over time. When analysing the processes taking place within a certain neighbourhood, it is not enough to observe households or single persons as units over a certain time period. For if we take Cologne, for instance, approximately 13 % of the residents move out of their dwellings each year on average 1 Both MTO and HOPE VI are field experiments which relocate households from poor to less poor or non-poor neighbourhoods by random assignment. The aim of both panel studies was to explore the effects on households moving into better neighbourhoods with a variety of outcomes, e.g., employment, income, school achievement, etc. MTO (1994 MTO ( -2010 was composed of households in Baltimore, Boston, Chicago, Los Angeles and New York. HOPE VI (1992 VI ( -2002 comprised grants from the US Department of Housing (HUD) to distressed areas in 165 cities. (Stadt Köln 2012: 21, 38) . Furthermore, these movements are highly dependent on age and owner-status. Studying migrants and conducting the next interview at a new residence-as in the case of panel studies such as the Panel Study of Income Dynamics (PSID), the British Household Panel Survey (BHPS) and the German Socio-Economic Panel (GSOEP)-is difficult due to the small numbers of migrants per neighbourhood and is, therefore, inadequate for describing changes at the neighbourhood level. We know the out-movers and the stayers, and we also gain information from the in-movers about persons entering a household through marriage, for instance, if the household is already included in the sample.
Neighbourhood changes can be studied with a variety of methods. These may comprise census tract data from cities or metropolitan areas, data from other small areas, such as the British Neighbourhood Statistics on wards, Layer Super Output Areas, 2 and the Swedish SAMS data (e.g. Andersson/Musterd/Galster et al. 2007; Musterd/Galster/ Andersson 2012; Galster/Andersson/Musterd 2015) . In the aforementioned cases, the bases of analyses are aggregated data and not single households or persons. Another disadvantage of census tracts is that they are usually formed by the surrounding streets. As a consequence, census tracts are often very heterogeneous. For example: one road happens to be one of the main streets in the city and has considerable 24-hour traffic, while another is a silent backstreet. It would be better to work with sections of streets containing houses that face opposite one another-but such data is, unfortunately, rarely available from statistical offices.
Secondly, cross-sectional population data can be used to study neighbourhoods or parts of cities. Typical studies contain descriptions of distressed neighbourhoods (e.g. Friedrichs/Galster/Musterd 2005) and neighbourhood network studies (e.g. Haynie 2001 ). The disadvantage of these studies is that they do not inform us adequately about sociospatial changes over time. Thirdly, this shortcoming is compensated for by panel surveys or series of surveys of the same residents, such as the PSID, the BHPS, the GSOEP and the HOPE VI Panel Study (e.g. Popkin/Cunningham 2009). Although these panels contain quite large samples, they seldom allow for analyses of single cities, and certainly not at the neighbourhood level, because the sample sizes within each sample point tend to be small. As a result, area effects can only be studied by aggregating sample points (with the drawback of adding heterogeneity). Furthermore, the sampling units in all these panels consist of households/ persons; in the case of out-migration, the panel will follow these people to their new address. As far as the (aggregated) area is concerned, we know who stays and who leaves, but we do not know who is replacing the out-moving house-started in 1968 with a nationally representative sample of over 18,000 individuals living in 5000 families in the United States. Since then information on these individuals and their descendants has been collected continuously, with the data covering socio-demographic characteristics such as employment, income, family status, and education, as well as numerous other topics. 4 Panel data is partially suited for studying individual dynamics, such as individual changes in attitudes, education and incomes. Panel data facilitates causal interpretations, and also makes it possible to control for individual, unobserved heterogeneity (Heckman 1979; Hedman/van Ham 2011; Galster/Andersson/Musterd 2015) .
In both the classical panel and the proposed dwelling panel, the steps taken to realize the first wave are the same: one must first choose a representative area, which depends, in turn, on the required sample size and the research project. This may be a single neighbourhood or a (large) number of neighbourhoods within a city or within a country. Secondly, representative samples in these areas must be chosen. In both the classical and the dwelling panel, the target persons in the first wave are either individuals or households. In the dwelling panel, a random sample of households will also result in a random sample of dwellings. From the second wave on, the methods differ in cases in which the target persons have migrated between the two waves: instead of following people that have migrated, we have now replaced the migrants by the new renters or the owners of the dwelling. In an additional survey, we could follow households that have migrated in order to retain the advantages of the classical panel. If the sample in the first wave is representative, and if we are able to replace the out-movers by the new residents, the second wave will remain representative of the area(s) of research. This, in turn, will enable us to study changes in the socio-economic composition of the neighbourhoods, the attitudes of their residents and their voting behaviour.
Dwelling panels, like all panel studies, are very dependent on the success of the first wave, and serve as a basis for all subsequent waves and analyses. The first problem is unit non-response. For example, the Swiss Household Panel started in 1999 with 14,174 household addresses, of which 12,084 (= 85 %) could be contacted by telephone. Of these, 5074 (= 42 %) ultimately participated in the survey. These 5074 households comprised 10,369 persons who were 14 years old or more (and therefore eligible to give an interview). From this sub-sample 7799 (or 75 %) gave an interview (Budowski/Tillmann/Zimmermann et al. 2001: 118-119) . One common solution to solving this problem is to weigh data, although this, too, creates problems (Spiess 2005; Brick 2013) . 4 See http://psidonline.isr.umich.edu/; retrieved March 10, 2015. hold/person in their former residence. In this case, the problem now becomes one of the insufficient inclusion of new households and exceedingly small samples in the sample units.
In general, all three research strategies (census, crosssectional and panel data) are valuable and have their merits, especially in terms of describing the attitudes and living conditions of persons/households at any one point in timeor several points in time-by conducting repeated crosssectional surveys, such as the bi-annual German ALLBUS. However, all these strategies are very limited for assessing processes in a given area or neighbourhood. They all address households or individuals in households over time adequately, but not the neighbourhoods themselves. Studying changes in a neighbourhood calls for a constant neighbourhood sample. Consequently, instead of following the out-movers, the latter have to be replaced by the respective in-movers. As a neighbourhood is composed of dwellings, it is the occupancy of these dwellings that needs to be examined in order to analyse changes in neighbourhoods: the succession of households in given dwellings or houses.
Therefore, we suggest changing the unit of analysis from the household to the dwelling or owner-occupied house. While the household can easily migrate, the dwelling/house can only be demolished or reconstructed-which seldom happens. And even if it could, it would simply be another indicator of urban change. With the dwelling panel, we have a replacement strategy that preserves the representative character of the area and allows us to study urban changes. Keeping the dwelling as the panel unit is a new research methodology that we shall discuss in this paper. 3 As an empirical application, we shall use an ongoing panel survey in two neighbourhoods in the city of Cologne, Germany.
We shall first address the problems of panel studies and then move on to a detailed description of the dwelling panel construction. The next section focuses on the methodology and results of the Cologne Dwelling Panel. In the concluding section we shall summarize the advantages of dwelling panels and suggest further applications for urban research.
Panel Studies
In classical panel studies such as PSID, BHPS, and GSOEP, the samples are based on individuals or households. These panel studies collect information on a large set of variables and a large number of persons. For example, the PSID ing. Another problem might occur when two (or even more) dwellings are combined to create one. If only one of the former dwellings is a panel member, the dwelling will remain in the panel and we will obtain data on both the changes in the characteristics of the dwelling and the changes in the renter or owner. In any event, the destruction of buildings and/or construction of new buildings is also an important indicator for describing urban processes.
Fifth, one of the disadvantages of classical panel data is that it loses its representative character after the first wave, even in a random case of panel mortality. This is relatively easy to explain. Assuming that the time difference between two waves is 1 year, and that at t1, a point in time, the average age prevails x, corresponding to the average age of the target population. At t2 the average age of the panel members is 1 x + , while the average age of the population remains the same as it was the year before. In large household panels such as the PSID, this problem will be more or less solved at the national level by including the household members in a panel whose age exceeds a certain threshold. In single neighbourhoods, however, this replacement is unlikely to be random. In dwelling panels, it is the dwelling that is considered representative.
Sixth, another serious problem is caused by out-migration. Since younger people migrate more frequently than older people, the stayers are generally older than the out-movers. Consequently, without following the migrants, the age difference between two waves will be even greater than 1 x + . Both problems are well known, and many solutions have been proposed in the pertinent literature on how to compensate for panel attrition and how to handle the increasing age of the panel members (e.g. contributions in Lynn 2009). In the dwelling panel the out-movers are replaced by the in-movers, and an increase (or decrease) in age can be interpreted as neighbourhood change, since neither the increase in age of the stayers nor the varying socio-demographic characteristics of the out-migrants has any effect on the representative character of the data. Note that the target population might differ somewhat: In the classical nationwide panel it is the entire population; in a nationwide dwelling panel it is the population in the selected areas.
In the case of dwelling panels, one must distinguish between replacement cases in the form of (a) houses and (b) dwellings in multi-family buildings. In the case of houses, one has an opportunity to choose the house closest to that of the dweller who has left the panel; alternatively, one could apply special criteria such as the neighbour's house on the left (or right). Another option would be to choose a house nearby that is most similar in terms of size, age and (estimated) value, as this might be the best way of preserving representativeness. In multi-family houses one might chose a dwelling that is located opposite the initial one or lies exactly at the same position in the building-but one floor
The second problem is out-migration. In large nationwide panels this issue is usually solved by following the households that have moved out, and, if possible, by conducting interviews at their new addresses. In face-to-face surveys, the costs of conducting the interviews rise with each successive wave, since the physical distances between the households also increase. In the dwelling panel, the unit of analysis is the dwelling; it is, therefore, essential to interview the household which is the new renter (owner) of the dwelling. If one is aware of the exact position of the dwelling within a building, it is possible to identify the name of the new resident and ask for an interview with a randomly selected adult person in the new household. Not only that, we can conduct an interview with out-migrants (e.g. by mails or phone-calls to reduce costs) by tracing the new household address. In this way, it is possible to combine the classical panel with the dwelling panel in order to exploit the advantages of both methods.
The third problem is panel attrition arising from refusals as a result of lack of further interest, health problems or other reasons. The greatest number of losses occurring for these reasons take place between the first and the second wave: In the PSID and the BHPS, attrition rates between the first and the second wave were 12 %, while in the following waves they were between 3 and 5 % (Fitzgerald/Gottschalk/Moffitt 1998: 254; Burton/Heather/Lynn 2006). To compensate for panel attrition, several replacement procedures have been suggested, generally by adding new units (persons, households) to compensate for the losses (Hagenaars 1990: 249-263; Vermunt 1996; Frees 2004: 263; Lynn 2009 ). The replacement strategy in dwelling panels is more advantageous than in the case of classical panels: instead of searching for persons (or households) comparable to the lost cases, it is necessary to search for dwellings comparable to those that have been lost. In classical panel studies, the refusals are replaced by randomly selected persons or households, e.g. from the same sampling unit but at random-and as a new case. The characteristics of new dwellings, in contrast, are relatively well known, at least the price of the dwelling (or the rent) is a known factor. Furthermore, the area is familiar (as are the prices and the living conditions in the area), and the size of the new dwelling is easy to estimate (or known). In addition, the exact location within the neighbourhood is known. In summary, the replacements in a classical panel may ensure that the panel in its entirety retains its representative character. This is not the case with regard to a single neighbourhood, however, as it would be with a dwelling panel.
Dwelling panels may suffer from a fourth problem: the destruction of a building. If no new buildings have been constructed on the same site, it will be impossible to replace the lost dwellings. If a new residential building is constructed, it will be worth trying to obtain interviews from the same number of households as existed in the initial build-member of the household, which in turn may be correlated with a change in the socio-demographic characteristics and attitudes; in cases (b) and (c) the household composition has changed, which might as well result in changes in attitudes (for example, after a divorce) and household characteristics, such as income, for instance. Third, households move out and new households move in-this occurs between two successive waves. Fourth, in cases in which households have remained in their dwelling but refused to take part in a further wave, information is still available about the target dwelling; as it is well-known that there is no migration, information (such as income, rent for the dwelling, size of the dwelling, and household composition) can be kept from the previous wave as a proxy measure.
Let us take the example of the dwelling panel and assume that there are two dwellings X and Y, which are sample units in the data set (Table 1) . At time t1, when the first wave of interviews is conducted, dwelling X is rented by household A. Between t1 and t2, the date of the second wave, nothing changes in this dwelling, renter A remains there. Before the next wave occurs at time t3, renter A moves out and renter B moves in. In the most favourable case, renter B agrees to participate in the survey and replaces renter A in the dwelling panel. Not only that; the former renter A can be asked to participate again, as is the case in classical panel surveys. Between waves t3 and t4, renter B has left dwelling X and renter C moves in. When it comes to wave four, dwelling X has had three different renters (A, B, and C): Renter A, who has been participating since the first wave, renter B, who has been participating since the third wave, and renter C, who entered the panel during the last wave. In contrast, there is no change in dwelling Y, and renter D stays in the same dwelling all the time. This sample unit is reminiscent of the classical panel study.
As already mentioned, the data structure of the dwelling panel is somewhat more complex in comparison with classical panel studies, since it includes changes in households and target persons. With migration, some explanatory variables that are usually treated as constant may change between two waves. For example, the gender composition of a household may change, and the highest educational above (or below). If this household refuses to participate, one can then contact the next household. As in the case of the classical panel, it is of utmost importance to adhere to a strict model of how to select the new households in a way that preserves a random sample.
The dwelling panel refers to dwellings. Each year, a certain large number of the households (between 10 or 15 % of the households) of renters rather than owners (Galster 1987; Friedrichs/Blasius 2009) moves to a new residential location. The dwellings remain the same, however, and emerging changes in their features may be reported. In the case of gentrification, changes may be observed e.g. from households with children towards households without children, rent increases of 25 % or more above the city average, or the conversion of rented dwellings into a condominium. If poverty is rising in the neighbourhood (Wilson 1987; Sampson 2012) , this may result in a noticeable change from young and well-paid single-or dual-earner-families to families living on social assistance or unemployment benefits. At the same time, investments in dwellings tend to decrease and perhaps generate a greater degree of disorder in a given neighbourhood (Skogan 1990) . As far as voting behaviour is concerned, one can identify changes in party preferences among the electorate. Spatial cleavages may change if outmoving Social-Democratic voters are replaced by in-moving Christian-Democrats, or Liberals.
Another theoretical alternative to the dwelling panel is that of cross-sectional data, for example, which involves collecting repeated random samples over a period of time from the same target population or the same neighbourhood. This kind of data does not provide information on changes at the micro-level, however. A variety of causal interpretations will only arise if panel and/or experimental data is used, since the diversity of cross-sectional data is very limited.
Dwelling Panel Construction

Data Structure
Dwelling panels, like classical panels, also make it possible to draw random samples of persons or households and to collect data from all members of a community above a certain age threshold. Dwelling panels, in contrast, offer more complex data structures than classical panels. First, dwelling panels consist of data from target persons (households) who have remained in the sampled dwellings over the entire period; for these stayers, there is no difference between the classical and the dwelling panel. Second, changes in household composition may occur: (a) the target person has left the dwelling, (b) a member of the household has left the common dwelling, or (c) a person has moved into an already existing household. In case (a) the target person has to be replaced by another four floors (if there were three households on the floor, a third column would have to be added). To identify the locations of the dwellings with an unequal number of dwellings per floor, a different bell-board layout is needed, as shown in Fig. 1b , for instance.
When undertaking field work, we suggest the following approach: When the interviewers conduct the first wave, they are equipped with a contact sheet for each respondent, which lists the name of the target person, the name of the street, and the house number where s/he lives. In addition, s/he has a simplified version of the contact sheet as shown in Fig. 1a , where s/he can identify the bell-board location; further rows and columns can easily be added. If the interviewer encounters a special type of bell-board (as shown in Fig. 1b ) this has to be noted in the contact sheet, by doing a new drawing, for example. To confirm that all interviewers have taken sufficient note of their instructions (which cannot be assumed, since some interviewers take short-cuts when conducting their interviews; cf. Blasius/Thiessen 2013), we recommend sending a project assistant or, in general, a trusted person, to check the allocations of the names to the bell-board locations by the end of the first wave at the latest.
After the interviews of the first wave have been completed, a list of all the participants and their addresses should be made-comprising as well the locations of the related dwellings. Note, that the dwelling panel works only if all locations of all dwellings and all the houses can be reproduced without errors.
The second wave, and all of the successive waves, begin with personalized letters, which call for further participation and perhaps for further incentives, too. This aspect of panel maintenance is the same as that used in classical panel studies; in this case, we refer to the pertinent textbooks (Hagenaars 1990; Finkel 1995; Frees 2004) . In cases in which the household has migrated, the invitation letters will be returned to the respective research facility within a few days. Since it normally will be unknown who moved into the new dwelling, somebody will have to check-up on the new name, which is displayed either on the bell-board or by stair walk. Problems may occur where the target household has just moved out without a new household moving in during the field period. In these cases interviews cannot be conducted: "the dwelling is not available". The same holds true for dwellings that have remained uninhabited for level may also decrease between two waves. The sum of these changes within the neighbourhood may help analysts in studying urban processes, such as incumbent upgrading, gentrification, poverty, and changes in the electorate.
Finally, changes in the dwelling can be studied. For example, a rent increase might distinctly exceed the inflation rate, and the building might undergo a certain degree of modernisation in which two or more dwellings are combined to create a single one.
Panel Construction
The dwelling panel starts spatially. In this case, the sample unit is a dwelling or house-either rented or owned. The first wave in dwelling panels is the same as in classical panels, where the data are collected face-to-face. For a given area-which might be a neighbourhood or a (large) number of neighbourhoods-a random sample of households (or persons in households) is drawn from the population register.
A crucial problem with a dwelling panel is how to identify the dwellings in a multi-family house. This is a prerequisite for identifying dwellings from which the target persons have moved out. It is obvious that when a first interview is conducted, the dwellings' exact positions have to be recorded. We suggest two methods: a stair walk-the most general solution-and the bell-board, which has the advantage of being applicable to most European cities.
The interviewer, who has the addresses of the interviewees (city, street and number of the multi-family house), begins the stair-walk method on the ground floor and assigns the first dwelling to the left 1_1, the second one to the left 1_2, and so on. When two households only are on the same floor, 1_2 is the first floor to the right; with k households on the same floor, the first household to the right is 1_k. The person reporting the exact location of a dwelling in a multifamily house then walks up the stairs and assigns 2_1 to the first dwelling to the left, 2_k* to the right dwelling (note that k and k* can be different), and then proceeds to the next higher storey and continues counting in this manner. This method ought to be applicable to almost all residential buildings; the exact locations of the dwellings can be noted during the first wave.
A more specific method involves identifying dwellings by the bell-board. In most European cities a bell-board is attached, or moulded, to the wall next to the entrance of multi-family buildings. The bell-board lists the names of renters (owners) and a bell-button is attached to each name.
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A typical type of bell-board is shown in Fig. 1a . It refers to a multi-family building with two dwellings on each of the 5 In case of sub-renters not listed on the bell-board, they cannot be identified in the first wave-unless s/he is in the random sample. a b Fig. 1 Bell-board on interviewer's contact sheet 5. Observational data: The interviewer rates the condition of the dwelling on five-point scales. For example: cleanliness, the kind of furniture, and the condition of the walls/wallpaper. Since the dwelling is the sample unit, changes in the observational data can be interpreted as being equivalent to changes in the social status and income dynamics.
It is evident that other modules can be added on the topic of interest; for example, satisfaction with the dwelling and the neighbourhood, perceived changes in the neighbourhood and lifestyles. Other modules may refer to party preferences, work, ego-centred networks, or attitudes towards, and contact with, ethnic minorities, including intra-ethnic contacts. Data for parts one to three can presumably be supplied by any adult in the household. Data for the fourth section may well be assembled by the researcher; data for the fifth section depends on the individual person of the household answering the questions.
An Example: The Cologne Dwelling Panel
We asked the Cologne Office of Statistics and Population to draw a random sample in two pre-selected neighbourhoods of persons aged 18 years and older in Cologne, Germany. Both areas are on the right side of the river Rhine: (a) Mülheim, neighbouring at the north of (b) Deutz. After the streets (or parts of them) had been selected, the Cologne Office of Statistics and Population provided us with a random sample of N = 2372 addresses. Using these, we sent out individual letters to the target persons in which we briefly explained the aim of our research and informed them that an interviewer would contact them within the next days. Since our budget was limited we decided for a random sample of persons that is representative of the entire neighbourhood. However, this included the over-sampling of larger households; and for some analyses of neighbourhood changes we had to weight the data.
To achieve a high response rate, all interviewers underwent a detailed introduction to the questionnaire and were provided with an identity card with a photo and the University logo. Furthermore, all interviewees were informed about the interview and the purpose of the study (living conditions in their neighbourhood) by personalized advance letter. Fieldwork of the first panel wave took place in the summer of 2010, the second wave in autumn 2011. Interviewers had to fill in a contact sheet for each address and had to contact the target person up to 10 attempts. If the target person was not reached at the end of the field phase, those addresses were contacted again by two of the most experienced interviewers. a longer period, which may be due to extensive renovation, or to a rental fee that is too high for the local market. This information is also important not only for describing urban processes, but also for subsequent waves during which the dwellings might accommodate residents.
Questionnaire
One main advantage of dwelling panels is the spatial context and the opportunity for studying changes in the neighbourhood(s) without losing representativeness. In addition to questions that are necessary for describing spatial changes, there may be other questions requiring consideration that will depend on the specific research purpose. We suggest distinguishing between core and supplementary modules. The core modules might comprise the following dimensions and corresponding variables: 1. Household data: e.g. the number of persons living in the household, the age of the individual household members, the income of all household members, and the educational level of all household members. (This data will also be collected for classical panel surveys.) Furthermore, in dwelling panels we recommend checking the move-in date for this dwelling, the prior location (last place of residence), and any possible intention to move out. All this data can be collected at the individual level and assigned to the dwellings. 2. Dwelling data: e.g. size (measured in square meters), the number of rooms, equipment (number of baths, toilets, kind of heating system), the amount of rent, and the tenure status (social housing, private renter, owner). In most cases there will probably be no change in size or the number of rooms. If there will be a noticeable upgrading of the equipment, a large increase in the rent and/or a change in the tenure status towards ownership, this might be indicators of gentrification. No increase in the rent over a long period and no changes in the equipment of the dwelling may be indicators of downgrading. The status of some of these indicators will remain the same in subsequent waves and can easily be used in case of refusals; the other ones might probably serve as proxies. 3. Building data: e.g. location in city, age (year of construction), condition (modernisation, façade), single vs. multiple uses: only residential vs. residential plus offices/ shops, number of dwellings, energy efficiency (if available). While the first two indicators remain constant over time, the others will serve as indicators of possible up-or downgrading. This information also is available in case of refusals. 4. Regional data: e.g. GNP, the percentage unemployed, percentage of foreign-born, migration statistics (inmoves, out-moves).
who should take part in the interview. 6 From the 121 new target persons we were able to conduct 97 (= 80.2 %) interviews, which is a very good value.
Another important issue (not reported in Table 2 ) is that, of the 888 stayers, 25 persons who were interviewed in the first wave (= 2.8 %) moved out and had to be replaced by a new target person from the same household. As in the case of replacement-and for the same reasons-we left it up the household to decide who should become the new target person; this was successful in 24 cases (= 96.0 %), only one household refused to participate-and from this household we were still able to gain some information. If we perpetuate the information of the stayers who refused, or were not at home during wave two, we still have information from the 107 respondents who participated in the first wave. Compiling all of the information for analyses, we have been able to use the information from 985 respondents (= 97.6 %), and have acquired complete information from 878 respondents (= 87.0 %). In a classical panel on persons (without following the migrants), we would have only 757 (= 75.0 %). Figure 2 provides a graphical overview.
At wave 3, the target dwellings are the same as above, i.e. the target sample remains constant. It will consist of the 888 stayers and 121 replaced households from the second wave, in other words, the 1009 dwellings from wave 1 in total. Once again, there will be out-movers that will have to be replaced by the new residents using the bell-board method and, in addition, persons moving out of the household who have to be replaced by another member of the same household.
To provide an example of the advantages of the dwelling panel, we shall show a map that includes all of the participants in wave one in the second wave (Fig. 3) . In this case, the dwelling panel members were divided into (a) 757 dwellings in which the target persons could be interviewed a second time (shown by a solid circle), (b) 24 dwellings with a change in the target person, but still in the same household (solid star), (c) 107 dwellings in which the target persons refused to participate a second time, or where they were not at home (empty circle with dot), (d) 97 dwellings with new 6 We discussed applying the next (last) birthday method as proposed in AAPOR (2007) . However, we are aware that this instruction is hard to implement for an interviewer; furthermore, in face-to-face interviews it is almost impossible to establish whether the interviewers have complied with this instruction. In Germany, at least, the date of birth is considered sensitive information related to data security issues and people will not necessarily understand what this information is for. To start with, this question would increase the number of refusals, either because people simply do not want to answer certain questions and therefore refuse to participate, or because the eligible person is not at home at the time of contact. Furthermore, many interviewees who had participated refused to answer control questions of this nature on the telephone to an anonymous person from an institute, and finally, there might be a change in the "next birthday" in the time period between the interview and the control call (cf. Blasius/Thiessen 2013).
At the end of the first wave fieldwork, we obtained a sample of N = 1009 respondents for the two residential areas, with N 1 = 602 in Cologne-Deutz and N 2 = 407 in CologneMülheim. The second wave was conducted approximately 15 months later, here we performed 878 interviews in total, with 97 (= 11 %) replaced respondents. Table 2 shows samples and numbers of completed interviews in both waves. The rate of 45.7 % of completed interviews in a face-to-face study in the first wave is quite satisfactory, since even larger and well-known surveys, such as the bi-annual (German) General Social Survey (ALL-BUS), had a response rate of 40.8 % in Western Germany and 39.8 % in Eastern Germany in 2008 (Wasmer/Scholz/ Blohm 2010: 55) .
In the second wave, we subdivided the sample into stayers and replacements. As Table 2 shows that, as far as the stayers are concerned, we had convinced 88.0 % of all of the panel members to participate a second time round. The rather high rate of panel members that were unavailable also results from the fact that it usually takes a few weeks for one household to leave its dwelling and a new one to move in-and, of course, just prior to and after migration hardly anybody has time for an interview. Furthermore, as already explained, we do have information from those 107 panel members who-during wave two-either refused to participate or were not at home during the field period. 51 persons who were "not at home" included those who had moved out in this period and had not been replaced in the meantime.
It is important for the success of the dwelling panel to get hold of the interviews from the 121 persons who moved into the panel via migration. Since we only had the new names from the bell-boards (without knowing the household composition) and since we tried to collect as many interviews as possible, we left it to the respective households to decide And since the dwelling is the sample unit, even in case of refusals and "not at home", there is still some information available on the dwellings and their residents. For instance, household composition and dwelling characteristics can be assumed to remain unchanged over a period of 2, or maybe 3, years. Based on the Cologne dwelling panel, we outlined the construction of a dwelling panel of this nature. More generally, dwelling panels have several advantages.
First, it allows for studying changes in the urban structure of greater detail than is the case in classical panel studies, since it does not lose its representative character for the neighbourhood(s) over time. If, for instance, a household has been interviewed in two consecutive waves, but refuses a third time, this allows it to replace a number of missing values by those previously observed. This might be a more valid method than that of replacing missing values with the mean.
Second, with a large sample in the neighbourhood, one can answer questions such as: Does gentrification occur in the sampled area(s)? Is the rate at which a given poverty area becomes poorer, rather like other areas in the city? households who participated (solid diamond), and (e) 24 dwellings in which the new residents either refused to participate or where they were not at home (empty diamond).
As Fig. 3 shows, the households that we would lose in a classical panel are not at all equally distributed along the entire sample area: they are, in fact, concentrated in certain neighbourhoods. Furthermore, in some neighbourhoods there are almost no changes, the households remained and participated in both waves, while other parts of the neighbourhoods are characterized by a comparatively higher rate of migration. After conducting several waves the pattern of migration and their spatial impacts can be interpreted in more detail.
Conclusions
From our point of view, a dwelling panel is the best methodological approach to study urban change over time. Instead of following migrants, which becomes expensive with face-to-face interviews, the new resident is interviewed. explain voting behaviour. It is in this way that changes are usually described at the macro-level in American studies, as is the case, for instance, in the Voter Tabulation Districts (VTD). According to Myers (2013: 49) "VTDs are arguably the best aggregate units available for examining geographical differences in American voting behavior". However, these data are taken at the aggregate level; they do not contain individual level information.
With the dwelling panel, the data can be used to study shifts in a partisan change in a small field such as an electorate (or a part of it). In contrast to macro level data, the dwelling panel makes it possible to distinguish between (a) changes in the micro motives of the people staying over time in the area that might cause changes in their voting behaviour, and (b) changes in voting caused by the in-and out movement of residents. Furthermore, since the changes can be documented at the micro level, they can also be analysed by controlling for other important variables affecting voting behaviour, such as religion and social class.
Finally, by comparing the households that moved out of the neighbourhood to those that have stayed and to those who have moved in, we can examine the changing composition of households in the neighbourhood. In addition, we can document changes in the attitudes and lifestyles in a given neighbourhood-a major proposition of gentrification theory (Lees/Slater/Wyly 2010) . In other words, we are thus able to examine a genuine gentrification process due to new residents (households) contrasting the results with changes that might have occurred as well if the old households had stayed in their dwellings. In election studies, one can examine changes in the electorate: the in-movers may change the existing milieu in a neighbourhood or constituency, respectively.
Has the social mix increased or decreased? Which household changes are responsible for changes in voting patterns? And, more generally: Does the altered neighbourhood composition have any other impacts on the residents (neighbourhood effects) in comparison with the initial composition?
Third, we can assess changes such as composition by household size, by social status, and by ethnicity. Furthermore, we can examine changes in social capital, attitudes, and conflicts. We may even study the history of single dwellings.
Fourth, Schelling's model of social segregation (Schelling 1971; Schelling 1978) can be tested with empirical data. The dwelling panel allows for perfect measurement of the assumed transition from heterogeneity to segregation.
Fifth, dwelling panel studies do not have to rely upon administrative spatial units such as wards or census tracts. Neighbourhoods can be aggregated from the dwellings to create different sizes. Thus, dwelling panel studies can become an important instrument for monitoring changes and guiding urban planning.
Sixth, a further advantage of dwelling panels is that they allow us to study changes in the electorate over time. As early as 1944, Lazarsfeld/Berelson/Gaudet showed that party preferences are related to social class, religion and urban-rural residence. Since then there has been ongoing research in this area. In many studies a spatial unit, the electorate, has been used to add macro information in order to 7 The Schelling model simulates spatial segregation processes. It consists of a checkerboard with, for instance, 35 white and 20 black households randomly distributed over the 64 squares. By setting preferences for both groups on the number of households with the same ethnicity they desire as neighbours (adjacent squares), households are moved on the checkerboard, which results in an unanticipatedly high spatial segregation among both groups. Tracing the migrants and conducting the next interview at their new residence (as it is done in panel studies such as the PSID, BHPS or the GSOEP) will not suffice to describe changes in a neighbourhood, since the out-movers no longer live in the neighbourhood of interest, and with the remaining persons (households) the area ceases their representative character in the long run. Whereas the household can easily migrate, the dwelling/house can only be demolished or reconstructed. Classical panel studies follow human beings; they are the focus of interest. Dwelling panels are centered on the dwellings: neighbourhoods are the focus of interest. In the case of nationwide panels, it remains an empirical question, with regard to the superior strategy, i.e. of tracing people/households with all the problems that tracing them entails, by following migration (and maybe their children, as a strategy for keeping the sample representative over time) or tracing their dwellings under the assumption that the selected sample points retain their representativeness for the entire country: we clearly favour the latter alternative.
